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Abstract
A compact dual-band microstrip bandstop filter (BSF) is presented. It combines a conventional open-stub BSF, a spurline, and
two embedded open stubs. This BSF is simulated and fabricated. It generates two stopbands around 2.0 GHz and 3.0 GHz without
increasing circuit size, compared with the conventional BSF.
© 2016 Electronics Research Institute (ERI). Production and hosting by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction
BSFs are used to cut off unwanted signals at certain frequencies. Microstrip BSFs are being widely used in local
oscillators, mixers, duplexers, switches, and other microwave subsystems. Various techniques have been developed to
synthesize and design microstrip BSFs (Hong, 2011). In general, there are at least three ways to design microstrip BSFs
(Luo and Chu, 2013). The first way is to place resonators in parallel with the main transmission line (Hong, 2011). At
resonant frequencies, the resonators take energy from the main transmission line through coupling. The second way to
design microstrip BSFs is to tap resonators, such as open stubs, to the main transmission line (Tu and Chang, 2005).
The third way to design microstrip BSFs is to use defected ground structures (DGS) (Wang et al., 2012a,b; Karmakar
et al., 2006; Zeng et al., 2015).
Dual-band BSFs are highly desired in many applications for their two separate stopbands. Conventionally, a dual-
band microstrip BSF can be obtained by cascading two different BSFs. The side effects are the high insertion loss in the
passband and increased circuit size. Varies methods have been proposed to form dual-band microwave BSFs. The dual
stopbands can be obtained through frequency-variable transformation to the lowpass prototype (Uchida et al., 2004)
and cul-de-sac configuration (Cameron et al., 2005), and the application of right/left-handed metamaterials (Tsing and
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toh, 2006), parallel open stubs at different lengths (Ma et al., 2007) and dual mode ring oscillators (Karpuz et al.,
009). Size reduction of dual-band BSFs has been a hot research topic in recent years (Wang et al., 2012a). Stepped
mpedance resonators (SIR) (Chin et al., 2007), split ring resonators (Hu et al., 2009), and the combination of SIR
ransmission line and DGS (Wang et al., 2012a) have been used to realize the desired dual stopbands with circuit size
eduction.
In this paper, a dual-band microstrip BSF is formed by combining a conventional open-stub BSF, a spurline and
wo embedded open stubs. By inserting a spurline between the two open stubs and inserting an embedded open stub
nto each of two open stubs, one can obtain a decent second stopband without increasing the overall circuit size. This
ethod is very easy to realize and has no additional processing cost. All the dimensions of the filters are calculated
irectly on AppCAD software, which is a free RF/microwave design tool provided by Agilent. The proposed BSF is
imulated and fabricated. All filter simulations are done on Sonnet Suite, which is a planar 3D EM software based on
ethod of moments.
.  Bandstop  ﬁlter  with  a  spurline
Fig. 1(a) shows the configuration of a conventional open-stub BSF. The length of the two stubs and the separation
etween the two stubs are a quarter of the wavelength at the midband frequency (Tu and Chang, 2005). The substrate
aterial is Rogers TMM10i with a relative dielectric constant of 9.9 and a loss tangent of 0.002. The thickness of
he substrate is 1.27 mm. The back of the substrate is the ground plane. The dimensions of this filter are calculated
irectly on AppCAD software. The width of the feed line and the open stubs is 1.2 mm, which yields a characteristic
mpedance of 50 Ohm. The length of the two open stubs Lo is 14.61 mm long, and the separation between the centers
f the two open stubs So is also 14.61 mm. This conventional BSF is simulated on Sonnet Suite 14.52, and the results
re shown in Fig. 1(b). The midband frequency is at 2.0 GHz.
Spurline technique was proposed by Bates to generate BSFs (Bates, 1977). The stopband happens when the length
f the spurline equals a quarter of the wavelength. A spurline is realized by etching an L-shaped slot on a microstrip.
u and Chang inserted a spurline between the two open stubs of a conventional BSF to get a deeper and wider stopband
Tu and Chang, 2005). In this research, a relatively shorter spurline is first inserted between the two open stubs to get
Fig. 1. (a) Layout of a conventional open-stub BSF. (b) Simulation results of the conventional open-stub BSF.
316 S. Yang / Journal of Electrical Systems and Information Technology 3 (2016) 314–319Fig. 2. (a) Layout of a BSF having a spurline. (b) Simulation results of the BSF having a spurline.
the second stopband around 3.0 GHz (Fig. 2(a)). The length of the spurline Ls is 9.87 mm. The width of the spurline
Ws is at 0.80 mm, and gap of the spurline Gs is at 0.20 mm. The horizontal distance from the right edge of the left
open stub to the left end of the spurline is 1.72 mm. Simulation results of this BSF are shown in Fig. 2(b). The second
stopband is around 3.03 GHz, and it is very narrow. To make this second stopband wide, two embedded open stubs are
needed.
3.  Proposed  bandstop  ﬁlter
The embedded open-circuit stub was proposed by Shaman and Hong to generate a band notch on an ultra wide
band bandpass filter (Shaman and Hong, 2007). The notch effect occurs when the length of the embedded open stub
equals a quarter of the wavelength. Two embedded open stubs are inserted into the two open stubs of the conventional
BSF mentioned earlier. The layout of the BSF is shown in Fig. 3(a). The embedded open stub’s width We is set to
0.40 mm, and gap Ge is chosen as 0.20 mm. Then its length Le is calculated as 10.11 mm on AppCAD. The microstrip
is still 1.20 mm wide. This BSF is also simulated on Sonnet Suite, and the simulated results are shown in Fig. 3(b).
The second stopband generated from the two embedded open stubs is around 3.07 GHz. The first stopband is shifted
to 1.94 GHz due to the extended electrical length in the open stubs. So that the two open stubs need to be tuned short.
The proposed BSF is a combination of the conventional open-stub BSF, a spurline and two embedded open stubs.
Layout of this BSF is shown in Fig. 4. The length of the spurline Ls is carefully tuned to 10.00 mm. The width of the
spurline Ws is still at 0.80 mm, and gap of the spurline Gs is still at 0.20 mm. The length of two embedded open stubs
Le is carefully tuned to 10.50 mm. Their width We is still at 0.40 mm, and their gap Ge is kept at 0.20 mm. The length
of the two open stubs Lo is tuned to 14.30 mm to move the midband frequency of first stopband back to 2.0 GHz. The
separation between the centers of the two open stubs is still kept at 14.61 mm. For comparison, main dimensions in
Figs. 1(a), 2(a), 3(a), and 4 are listed in Table 1.
The proposed dual-band BSF is simulated and then fabricated. The 1.27 mm thick TMM10i substrate was covered
by half ounce copper before fabrication. The finished metal lines are covered with a thin layer of gold. The fabricated
filter (Fig. 5(a)) is then measured with an Agilent N5230A network analyzer after two-port calibration. Simulated and
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Fig. 3. (a) Layout of a BSF having two embedded open stubs. (b) Simulation results of the BSF having two embedded open stubs.
Fig. 4. Layout of the proposed BSF.
Table 1
Main dimensions in simulations.
Dimension Fig. 1(a) Fig. 2(a) Fig. 3(a) Fig. 4
Lo (mm) 14.61 14.61 14.61 14.30
So (mm) 14.61 14.61 14.61 14.61
Ls (mm) 9.87 10.00
Ws (mm) 0.80 0.80
Gs (mm) 0.20 0.20
Le (mm) 10.11 10.50
We (mm) 0.40 0.40
Ge (mm) 0.20 0.20
318 S. Yang / Journal of Electrical Systems and Information Technology 3 (2016) 314–319Fig. 5. (a) Picture of the fabricated filter. (b) Simulation and measurement results of the proposed BSF.
measured results are shown together in Fig. 5(b) for comparison. The simulated and measured results are very close
to each other. The differences between measured and simulated results should be caused mainly by PCB fabrication
process tolerance, substrate material property variations. The first stopband is still around 2.0 GHz, and the second
stopband is around 3.0 GHz. This second stopband is wider and deeper compared with the application of a spurline
only, or the application of two embedded open stubs only.
4.  Summary
One spurline is inserted between the two open stubs of a conventional BSF, and two embedded open stubs are
inserted into the two open stubs of the conventional BSF to form a dual-band BSF. The proposed filter is simulated
and fabricated. It generates the first stopband around 2.0 GHz and the second stopband around 3.0 GHz. This second
stopband is wider and deeper compared with applications of a single spurline only, or the application of two embedded
open stubs only.
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